THE DIET OF BARBUS CALLENSIS (CYPRINIDAE) IN 
NORTHERN TUNISIA 


by 

M.M, KRAIEM (1) 


ABSTRACT. - Qualitative and quantitative aspects of the diet of Barbas caUensis Valenciennes, 1842 
as well as its feeding rhythm, were investigated. Food varied according to the size and age of the fish, 
to the composition of the invertebrate fauna and to the hydrological phases of the biotopes. Young 
barbel ate algae and microzoobenthos, mostly larvae of Chironomidae and Simuliidae, Older specimens 
fed on larger benthos, such as larvae of Ephemeroptera and Trichoptera and on plant fragments; they 
captured small fishes when benthos became scarce. B. catlensis fed during the day. In young speci¬ 
mens this activity was lower during the winter, presumably because of low temperature and floods. In 
adults, feeding decreased in spring during the spawning period, when the fishes might even fast com¬ 
pletely. 

RESUME. - Cette dtude porte sur 1'analyse qualitative et quantitative du regime alimentaire de Barbus 
caUensis Valenciennes, 1842 ainsi que sur son rythme alimentaire, B, catlensis prdsente un regime 
alimentaire diversify qui varie avec la taille et I'dge du poisson, ainsi qu'avec La composition faunisttque 
et les caract&res hydrologiques du milieu. B, catlensis est micro-zoo-benthophage k l f 6tat jeune et 
devient benthophage en vielUissant. Les larves de Chironomidae et de Simuliidae constituent les proies 
essentielles du regime alimentaire des jeunes barbeaux, les larves de Trichoptera et d'Ephemeroptera 
et les debris vdg&aux sent les proies dominates dans l alimentation des barbeaux kg€s qui deviennent 
m6me ichtyophages en Tabsence de benthos, B t caUensis pr£sente, en outre, une activity alimentaire 
essentiellemetu diume; cette activity diminue en hiver pour les jeunes barbeaux (sans doute h cause des 
faibles temperatures de I'eau et des ernes). Chez Les individus adultes, cette baisse de prise alimentaire 
se fait sentir au printemps (periods de frai); pendant cette pdriode on assiste meme k un JeQne de ces 
poissons. 
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Barbus caUensis is a cyprinid fish widely encountered in Tunisian rivers (Kraiem, 
1983), Given its abundance, it represents a key component of the ecosystem (Kraiem et 
al. t 1986) and an important link in the trophic chain. Here, the aim is to study the feeding 
pattern of this species in three different biotopes in the north of Tunisia (Fig, 1): Oued 
Ghezala in the west, a fairly productive mountain stream; Oued Sejnane in the east, a 
stream that flows in a plain, is characterized by a low productivity (Kraiem, 1987), and 
flows into the brackish Lake Ichkeul; and Sidi Salem impoundment located on Oued Me- 
jerda in the north, the largest Tunisian reservoir, which shows increasing eutrophication 
since its filling up. 

Our aim was to investigate fish feeding patterns in relation to fish size, as well as 
the nycthemeral and seasonal rhythms of their feeding activity in each of these three 
biotopes. 


(1) Laboratoire d’Hydro^cologie, Faculty des Sciences de Tunis, Campus Universitaire, 1060 Tunis, 
TUNISIE. 
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MATERIAL AND METHODS 


Material 

During our electric fishing (by E.P.M.C. gear) carried out from 1983 to 1989, we 
examined 338 Barbus callensis for this study. Details are given in table I. 

All fish used for this study were killed by immersion in a narcotic solution of MS, 
222 right after capture, and measured (total length: TL), The complete digestive tract of 
adults was dissected and individually preserved in flasks containing a 5% formalin solu¬ 
tion to stop digestive processes. Young fishes were preserved whole. 

Contents of the digestive tract between the oesophagus and the first intestinal 
curve (the "stomach bulb 1 ', Kraiem, 1980), were investigated. Fragmented prey were 
identified by reference to intact benthos taken on the same day and in the same biotope 
using a Surber net with 0.5 mm meshes. Benthos was estimated in the following classes 
of relative abundance per 0.1 m 2 in order to compare it to the food spectrum of the barbel 
studied. 

1 - mean of 1 specimen; 2 = mean of 2 to 5 spms; 3 = mean of 6-10 spms; 
4 = mean of 11-15 spms; 5 = mean of 16-20 spms; 6 = mean of 21-30 spms; 
7 = mean of 31-50 spms; 8 = mean of 51-75 spms; 9 = mean of 76-100 spms; 
10-mean of >100 spms. 
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Methods 

Following the inventory of stomach contents, each prey item was isolated, identi¬ 
fied and counted. Three indices described by Hynes (1950) were computed from the raw 
data: 

n 

- Percentage of occurrence: OC % = — x 100 

N 

with n = number of stomachs containing a given prey; N - total number of full stomachs. 

NP 

- Percentage of numerical frequency (or relative abundance): N % = -x 100 

NT 

with NP = number of individuals in a prey item; NT = total number of individuals includ¬ 
ing all items. 

VP 

- Volume percentage: V % - - x 100 

VT 

with VP = volume of a prey item; VT = volume of all consumed prey. 

The simultaneous application of these indices to the same sample makes it possi¬ 
ble to draw a good picture of the feeding pattern. They take into account fish feeding 
preferences (occurrence) as well as the relative quantity of prey consumed (numerical 
frequency and volume percentage). 

In order to adequately compare the importance of a prey category in the feeding 
pattern of barbel of different sizes, we used the Feeding Index (FT) of Lauzanne (1975), 
which takes into account both occurrence and prey volume: 

% OC x % V 

FT =- 

100 

This index ranges from 0 to 100. When values were < 10, prey were termed rare. 
When they were between 10 and 25, prey were occasional; when they were between 25 and 
50, prey were essential; beyond value 50, prey were largely dominant. 

Table I, - Numbers and categories (according to total length, TL) of Barbus callensis used in this study. 
For the sample of young barbels (Y): 4 < TL < 13 cm: for the adults (A): 14 cm <TL £ 30 cm. 


Topics studied 

O, Ghezala 

O. Sejnane 

Sidi Salem 

Sampling dates 

6Jul.l9S4 

23 Nov. 1984 

2SJaiLl9S6 

7 May 19S6 

16-17 Jul. 1987 

19 Jan* 1987 

25 May 1987 

10 Jul. 1989 

Food spectrum 

in relation to size 

qualitative study 

41 

(17Y + 24 A) 

44 

(I8Y + 26A) 

- 

quantitative study 

41 

(17 Y + 24 A) 

- 

38 

(16 Y + 22 A) 

NycthemeraJ and seasonal rhythms 

216 

40 

(25 Y + 15 A) 

- 

Total number (338) 

216 

84 

38 
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The feeding activity of barbel was analysed by a vacuity index (Hynes, 1950). 

V.l, =— X 100 
TS 

with ES = number of empty stomachs; TS = total number of stomachs examined. 


RESULTS 

Feeding pattern of Barbus catlensis 

Qualitative aspect (% of barbel containing a food item) 

Young barbel contained a small number of taxa (6 taxa), represented almost exclu¬ 
sively by small animal prey and microscopic algae (Figs 2, 3), The animal components 
included many Diptera (Chironomidae, and Simuliidae or Culicidae) and Ephemeroptera 
larvae. In contrast, adult barbel contained more prey species (11 taxa) including larger 
animal and vegetable components, insect larvae of the orders Diptera, Ephemeroptera and 
Trichoptera and plant fragments being preferred (Figs 2, 3). 

Table II, - The invertebrate benthic fauna of Gued Ghezala. 


Taxa 


Abundance 

classes 

Plalhelminths 

Triclads 



Dugesiasubtentaculata (Drapamaud, ISO!) 

2 

Nona (helminths 

Nematoda 

6 

Annelida 

Oligochaesa 



Lumbriridae 

Achaeta 

5 


Giossiphontidae 

2 

Arachnids 

Hydracarinac 

4 

Crustacea 

Decapods 



Atyaephyra desmaresli (Millet, 1831) 

2 


Pommen edute (Latreille, IBIS) 

1 

Insects 

Odonata 

Heteropim 

1 


Gemdae 

2 


Hydrqmetridae 

Coleoptera 

2 


Elmldac 

Ephemeroptera 

Baelidae 

2 


Baetis pavidits (Grandi. 1949 

5 


Baetis rhodani (Pjchet, 184S) 

Caenidae 

3 


Caenis luctuosa (Bumeister, 1639) 
Leptophlcbtidac 

8 


Ckofoterpes picteti (Eaton, ! 7 81) 
Hcptageniidac 

6 


Ecdyonums rotschildi (Naves, 1929) 
Plecopccra 

Setipalpa 

7 


Afropertodes 

Trichoptera 

Rhyacophilidae 

2 


khyccophHa mtinda [Me Lachlan, 1862) 
Hydropsydudae 

3 


Hydropxxcht pelhtcidula (Curtis, 1$34) 

5 


Hydropsycke puntea (Malicky, 19S1) 
Diptera 

4 


Chtrononudac 

10 


Simuliidae 

9 
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Stomach contents 

Fig. 2. - Food spectrum of young and adult Bttrhus callensis and abundance classes (A.C.) of the ben¬ 
thic fauna in Oued Ghezala on 6 July 1984. 

Ftg, 3. - Food spectrum of Barbus callensis and abundance classes (A,C) of the benthic fauna in Oued 
Sejnane on 14 November 1984. 


The food spectra of Oued Ghezala and Oued Sejnane barbel do not exactly reflect 
the composition of the benthic fauna of these two streams. Certain taxa present in the 
benthos, such as larvae of Plecoptera and Heteroptera, Triclads and Himdinae in Oued 
Ghezala, larvae of Heteroptera and Coleoptera* Gastropoda and Amphipoda in Oued Sej* 
nane, were missing in the stomach contents (Tables II, III), However, the animal prey 
most consumed by young and adult barbel in both streams were also the most dominant 
taxa in the benthos. On the other hand, in Oued Sejnane where benthic fauna is less abun¬ 
dant and influenced by the proximity to the sea (Kratem, 1987), barbel consumed taxa of 
brackish origin (Isopoda: Idotea and Sphaeroma) and even became piscivorous in unfa- 
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Young 


Adult 



□ Nematoda 
§ Qiigocftaeta 

□ Ouronomidae 
M Simultidae 

E3 Ephemeroptera 
E2 Tridiopters 

□ Coleoptera 
H Odcnsta 

Q Atyaephyra 



15.7 


Young 


Adult 


T8.2 


5 


0.7 2.2 



□ Nematoda 
H Ofigodiaeta 

□ Chironomidae 
[*3 Simuiiidae 

E3 Ephemeroptera 
E3 Trichoptera 
Q Coleoptera 
EJ Odonata 

□ Atyaephyra 

□ Algae + plant frag. 
■ Sand 



Young 

3.3 



□ Plant fragments 

□ Algae 

g Oljgochaeta 
E3 Insect larvae 

□ Crustacea 

□ Fish 
■ Sand 


Adult 



Fig, 4. - Numerical percentage of animal prey found in young and adult Barbus callensis caught in 
Oued Ghezala on 6 July 1984. 

Fig, 5, - Volumetric percentage of prey found m young and adult Barbus caUensis caught in Oued 
Ghezala on 6 July 1984. 

Fig. 6. - Volumetric percentage of prey found in young and adult Barbus caUensis caught in Sidi Salem 
reservoir on 10 July 1989, 


vourable conditions when benthos was scarce and insufficient. This means that there was 
no real prey selection: the barbel consumed what they found on the bottom of the bio¬ 
tope. In most stomachs, especially in adult barbel, there were sand grains. 
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Quantitative aspect 

This aspect was analysed using two indices: the numerical frequency of prey eaten 
by barbel (the vegetable component was not taken into account, given the difficulty of 
its estimation) and the volume of each food item in the stomach content. 

Food spectrum of young barbel. - In Gued Ghezala, the prey most consumed by 
young barbel were in the following decreasing order: larvae and nymphs of Diptera 
(Chironomidae and Simuliidae), larvae of Ephemeroptera, Nematoda, and larvae of 
Trichoptera (Fig. 4). These prey were small and mostly insect larvae* In volumetric 
percentage (Fig. 5), Diptera larvae (Chironomidae and Simuliidae) represented the largest 
fraction of the food spectrum of young barbel, followed by Ephemeroptera and Trichop¬ 
tera larvae; a fairly high percentage of microscopic algae came next; and finally, nema¬ 
todes represented a very small fraction of the food spectrum despite their fairly high 
numerical frequency. The animal fraction (86.5%) was distinctly larger than the vegetable 
fraction (13.1%)* 

In Sidi Salem reservoir the animal and vegetable components of the food spectrum 
were nearly equal; however the animal fraction was slightly larger (57% versus 43%) 
(Fig, 6). This spectrum was also dominated by insect larvae, followed in decreasing order 
of volume percentage by the vegetable component with its two items (algae and plant 
fragments), the Crustacea and the Oligoehaeta* 


Table III. - The invertebrate benthic fauna of Oued Sejnane. 


Taxa 


Abundance 

classes 

Nematoda 


4 

Annelida 

Naididae 

4 

(Oligo-chacta) 

Enchytraeidae 

2 

LumbricuUdae 

4 

Crustacea 

Amphipoda 



Gamnumts aequkauda Martynov, 1931 
Isopoda 

2 


Sphaeroma ephippium Costa, ISS2 

4 


hiotea chdipes (Pallas* 1766) 

2 

Inserts 

Odonata 



Agrioiudae 

2 


Libellulidae j 

Heteroptera 

1 


Corixidae 

3 


Cerridac 

Coteoptera 

3 j 


Ochthebitts exaratus Mulsant. 1844 
Ephemeroptera 

2 


Bait is pa vidus (Grand!, 1949) 

5 


Cuenis luctuosa (Burnet ster. 1939) 

6 


Ecdyonurus rotschildi t Navas. 1929) 

4 


Choroterpespicteti (Eaton. 1781) 

4 


C toe on diprerum Li and , 1761 

Trichoptera 

3 


Hydropsyche maroccana Navas* 19 35 

2 


Hydrdpsyche resmineda Maliehy* 1977 
Diptera 

2 


Chironomidae 

7 


Culicidae 

4 

Mullusca 

Lumelli hranchi a 
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Food spectrum of adult barbel. - In Oued Ghezala the animal component of the 
food spectrum of adult barbel was essentially dominated by insect larvae of the orders 
Ephemeroptera and Diptera (Chironomidae and Simuliidae), followed, in decreasing order, 
by Trichoptera larvae, Oligochaetes, Nematodes, Odonata larvae, Coleoptera larvae, and 
finally the Crustacea Athyaephyra (Fig. 4), The volumetric representation (Fig. 5) of 
this spectrum shows that the animal component dominated the vegetable component 
{66% versus 28.4%), On the other hand, large-sized animal prey (larvae of Trichoptera, 
Ephemeroptera and Odonata, and Athyaephyra) dominated over the small-sized ones, 
which ranked in a decreasing order of volume percentage as follows: Oligocbaeta, Insect 
larvae of Diptera (Chironomidae and Simuliidae), Coleoptera and finally Nematoda, which 
represented a minute fraction to the food spectrum. Nevertheless the vegetable compo¬ 
nent, essentially composed of plant fragments with a small fraction of microscopic al¬ 
gae, was fairly abundant among adult barbel 

In Sidi Salem reservoir as for young barbel, the adults show similar proportions 
between the animal and vegetable components of the food spectrum (5L1% versus 
45.1%) (Fig, 6). Here, the plant fragments dominated: they were followed, in decreasing 
order, by Insect larvae, Crustacea, Algae, Fishes and Oligochaetes. The vegetable com¬ 
ponent consisted of algae for the young barbel, and of plant fragments for the adults. 

Importance of prey in the feeding pattern. - The analysis of the feeding index 
(Table IV) shows that the dominant food organisms of young barbel were insect larvae of 
the orders Diptera (Chironomidae and Simuliidae) and Ephemeroptera, and microscopic 
algae; the occasional prey were Trichoptera larvae of and the ms prey were Nematodes, 



Young ImrUcJ 

Adult barbel 

Prey 

4 < TL£ 13 cm 

15 < TL ^ 30 cm 

Nematoda 

4.5 

Rare 

3.2 

Rare 

Oligochaeta 

- 

9,5 

Rare 

Chironom id at 
(larvae) 

86.6 

Dominant 

iu ; 

Occasional 

Chironomidae 

(pupae) 

17,5 

Occasional 

10.2 

Occasional 

Simuliidae 

71.0 

Dominant 

27,3 

Essential 

Ephemeroptera 

62.3 

Dominant 

77.8 

Dominant 

Trichoptera 

12.0 

Occasional 

60.4 

Do min ant 

Coleoptera 

- 

12.9 

Occasional 

Odonata 

* 

16.1 

Occasional 

Decapoda 

- 

21.2 

Occasional 

Algae 

54.7 

Dominant 

7.3 

Rare 

Plant 

fragments 

- 

88.5 

Dominant 


Table IV. - Feeding index and importance 
of prey consumed by Barbus cal lens is. 
(Sample from Oued Ghezala, 6 July 1984). 
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In contrast, dominant prey of adult fish consisted of insect larvae of Ephemerop- 
tera and Trichoptera, and plant fragments. Larvae of Diptera (Simuliidae) were essential 
prey. 

The decapod (Athyaephyra) and insect larvae of Odonata T Coleoptera and Diptera 
(Chironomidae) were occasional prey. Finally rare prey were represented by the Nema¬ 
todes, 


Feeding rhythm of Barbus callensis 

Nycthemeral variations of feeding activity 

The analysis of the contents of the digestive tract of B . callensis immediately af¬ 
ter its capture in Oued Ghezala shows that stomachs were full during the day (from 10 h to 
18 h) and almost empty at night (from 21 h to 4 h) (Table V). This illustrates an essen¬ 
tially diurnal feeding activity. 

Seasonal variations of the feeding activity 

In Oued Ghezala the feeding activity of young barbel decreased in winter, given 
the noticeable fall in water temperature and its high turbidity caused by the floods 
(Table VI). It can be noted also that feeding among adult barbel was low or non-existent 
in spring which corresponds to their spawning season. This was confirmed in Oued Se- 
jnane after two fishing sessions, one in January and the other in May 1987. In fact, 21 
out of the 25 young barbel caught on 19 Jan, 87 had completely empty stomachs; that 
day the stream was overflowing and very turbid. The 15 adults caught on 25 May 87 had 
empty or almost empty digestive tracts. 


DISCUSSION AND CONCLUSIONS 

The present study shows that the feeding pattern of Barbus callensis is fairly di¬ 
verse and dominated by animal prey. The size of the prey consumed increases with the 
age and the size of the fish. Young barbels seem to feed exclusively on small food items. 
They have a feeding pattern that is rather algivorous and micro-zoobenthivorous. With an 
increase in size, they become benthivorous, with a dominance of animal prey. When 
there is a lack of benthos, the adults even become piscivorous, as also observed for B . 
barbus in Romania (Gyurko and Nagy, 1964). 


Table V, - Stomach contents of Barbus callensis immedially after capture, (Samples taken in Oued 
Ghezala on 16 and 17 July 1987). 


Stomachs 

12 h 

15 h 

IS h 

21 h 

4 h 

7 h 

10 h 

Full 

8 

9 

6 

3 

2 

4 

7 

Hair full 

5 

4 

5 

6 

7 

7 

5 

Empty 

0 

0 

1 

3 

3 

1 

0 

Total (86) 

13 

13 

12 

12 

12 

12 

12 
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The diversity of feeding patterns depends on the variety and the abundance of po¬ 
tential prey species in the biotope (Adamek and Obrdlik, 1977; Lobon-Cervia and De 
Diego, 1988), Nevertheless, some food items are consumed more than others by young 
barbel in spite of their rare presence in the benthos. This denotes a certain selection by 
these fish which was not observed among adult barbel since their food rather depends on 
the availability of prey in the environment. Lauzanne (1988) and Polling et at, (1992) 
had made the same observations, concerning other African species of barbel, and had 
noted the eclecticism in the adult fish. The vegetable component is not to be neglected in 
the feeding pattern of B . caltensis ; its importance grows with the age of fish. The pres¬ 
ence of sand in the stomach contents seems to be closely linked to the benthic behaviour 
of the fish, who feed from the bottom of the river (Lobon-Cervia and De Diego, 1988). 
The sand might play a role in the fragmentation of prey. 

The study of the nycthemeral rhythm of food uptake by B. caltensis shows that 
this fish has an essentially diurnal activity pattern. Food uptake is neither permanent nor 
regular and seems to be disturbed by environmental variations, particularly hydrological 
ones, as also stated by Neveu (1979), 

Food intake by young barbel seems to decrease in winter, which would be corre¬ 
lated with a decrease in their activity during that season (hibernation and high water 
level). Among adults, it decreases in spring (the spawning season). Like many other 
fishes (Lind et at,, 1973; Craig, 1977), barbel seem to have a decreasing feeding activity 
and even to fast during their reproduction period. 

Finally the great capacity of adaptation of B , caltensis to changes in the envi¬ 
ronment is to be noted. Such is the case in Oued Sejnane, which becomes brackish in 
summer and in which barbel consumes a marine benthic fauna. 


Table VI, - Seasonal variations of the vacuity index related to the size of Barbus caltensis in Oued 
Ghezala, 



Size (cm) 

2-4 

5-7 

8-10 

11-13 

14-16 

17-19 

20-22 

23-25 

26-28 

29-31 

N 


23 Nov 1983 

- 

2 

4 

5 

2 

3 

3 

* 

1 

* 

20 

Stomachs 

28 Jm 1986 

3 

8 

6 

4 

7 

3 

- 

2 

- 

1 

34 

examined 

7 May 1986 

- 

- 

2 

5 

10 

6 

4 

3 

3 

2 

35 

{N = 130) 

6 JuU9S4 

i 

4 

6 

4 

6 

5 

3 

5 

4 

3 

41 


23 Nov. 1983 

- 

0 

l 

0 

0 

0 

0 

- 

0 

* 


Empty 

28 Jan. 1986 

l 

2 

2 

1 

0 

0 

- ' 

0 

- 

0 


stomachs 

7 May 1986 

- 

- 

0 

0 

0 

0 

0 , 

2 

2 

l 



6 JuU9S4 

0 

1 | 

0 

0 

0 

0 

0 

0 

0 

0 



23 Nov. 1983 

- 

0 

25 

0 

0 

0 

0 

, 

0 

- 


Vacuity 

28 Jan. E 986 

33 

25 

33 

25 

0 | 

0 

- 

0 


0 


index 

7 May 1986 

- 

- 

0 

0 

40 

50 

50 

67 

67 

50 



6 Jul.1984 

0 

25 

0 

0 

0 

0 

0 

jJ 

0 

0 
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